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From 61 settlements of 12 Hungarian counties, 303 domestic cats were in-
cluded in this survey. Between autumn 2016 and spring 2018, fresh faecal sam-
ples were randomly collected and examined by flotation and by the Baermann–
Wetzel method for the presence of lungworm infection. No eggs of Eucoleus aer-
ophilus were detected. Morphological identification of first instar larvae (L1) was 
also carried out. In the faeces of 60 cats (19.8%) from 17 settlements and Buda-
pest, L1 of Aelurostrongylus abstrusus were found. More than half of the cats 
were from the western part of the country. The average number of larvae per gram 
of faeces was 190.2 ± 304.88. These results are in line with the former findings on 
the prevalence of aelurostrongylosis of domestic cats in Hungary. In addition, 
Oslerus rostratus was also found for the first time in the faecal samples of three 
cats from the eastern part of the country, infected also with Ae. abstrusus. The av-
erage age (2.51 ± 1.26 years) of infected cats indicates that lungworm infection is 
more common among younger cats. No relationship was found between the lung-
worm infection and the sex of cats. Non-neutered cats had a significantly higher 
proportion of lungworm infections. Two-thirds of the infected cats were apparent-
ly healthy, and only 19 individuals showed clinical signs of respiratory disorders.  
Key words: Lungworms, Aelurostrongylus abstrusus, Oslerus rostratus, 
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Lungworm infection of domestic and wild cats occurs in many countries 
around the world. It is most commonly caused by Aelurostrongylus abstrusus, 
Railliet, 1898 (Strongylida, Angiostrongylidae), called the cat lungworm (Ander-
son, 2000; Bowman, 2000). The 5- to 10-mm-long adults reside in the alveolar 
duct and the terminal bronchioles of the lungs. Over the past decade, other lung-
worm species of domestic cats such as Troglostrongylus brevior and T. sub-
crenatus (Strongylida, Crenosomatidae), Oslerus rostratus (syn. Anafilaroides 
rostratus) (Strongylida, Filaroididae) and Eucoleus aerophilus (syn. Capillaria 
aerophila) (Enoplida, Trichuridae) have also been reported (Traversa et al., 2009; 
Jefferies et al., 2010; Brianti et al., 2012, 2014b; Di Cesare et al., 2014; Giannelli 
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et al., 2017). There have been several cases when two or more lungworm species 
occurred concurrently in cats (Juste et al., 1992; Jefferies et al., 2010; Traversa et 
al, 2014; Daikou et al., 2015; Varcasia et al., 2015). With the exception of E. 
aerophilus, the other species develop indirectly with gastropod intermediate 
hosts. Cats can be infected by intermediate hosts or various other animals (e.g. 
small mammals, lizards, frogs) which consumed slugs and snails acting as par-
atenic hosts (Anderson, 2000; Bowman, 2000; Pennisi et al., 2015). Depending 
on the parasite species, the degree of infection and the immunological status of 
the host, the parasitosis can be asymptomatic or the cats may show mild to severe 
clinical signs (coughing, sneezing, tachypnoea). Heavy infection can even be fatal 
(Traversa et al., 2010; Traversa and Di Cesare, 2013; Philbey et al., 2014; Pen-
nisi et al., 2015). 
Data on the distribution and prevalence of cat lungworm infection in Hun-
gary are scarce. In a postmortem examination of 57 stray cats originating from 9 
hunting areas of the country C. aerophila worms were found in 14 cadavers 
(Takács and Takács, 2002), Ae. abstrusus was detected by autopsy (Kávai, 1977; 
Dobos-Kovács, 1981; Takács and Takács, 2002) or faecal examination (Capári et 
al., 2013). 
The objectives of this investigation were to enhance the knowledge on the 
distribution and risk factors of lungworm infection of domestic cats in Hungary. 
 
 
Materials and methods 
Sampling 
Altogether 303 cats from 61 settlements of 12 counties (Table 1 and Fig. 1) 
were randomly included in the survey. Most cats (n = 269) had owners, while the 
remainder were kept in temporary accommodation. Between autumn 2016 and 
spring 2018 fresh faecal samples were collected once. Sampling was done with 
the owners’ permission and assistance.  
The approx. 5-gram samples per cat stored in plastic jars having individual 
numbers were usually taken to the laboratory on the same day or 2–3 days later 
after storing them in a fridge. Simultaneously, a questionnaire was completed for 
each cat (e.g. breed, age, sex, keeping, presence/absence of respiratory signs, last 
anthelmintic treatment). 
Test method 
The E. aerophilus eggs were examined by the flotation method using zinc 
sulphate solution. The lungworm larvae (L1) were isolated by Baermann–Wetzel 
method (Giannelli et al., 2015). One gram of faecal sample packed in a 10 × 10 cm 
double-layered gauze was kept in a glass filled with lukewarm water for 24 h.  
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Table 1 
The number of cats sampled per site (N), the number (N) of cats infected with Aelurostrongylus abstrusus and Oslerus rostra-
tus and the number of infected cats with respiratory signs (e.g. frequent sneezing, running nose) 
Site N Ae. abstrusus (N) O. rostratus (N) Respiratory signs (N) 
Alsózsolca 1 0 0 0 
Badacsonytomaj 1 1 0 1 
Balatonalmádi 5 0 0 0 
Bedő 6 6 0 4 
Békés 3 0 0 0 
Békéscsaba 7 0 0 0 
Bőcs 2 0 0 0 
Budaörs 3 1 0 0 
Budapest 40 1 0 0 
Csatár 2 0 0 0 
Csopak 4 0 0 0 
Debrecen 13 0 0 0 
Debrecen-Józsa 3 1 0 1 
Diósd 1 0 0 0 
Dömsöd 5 0 0 0 
Dunakeszi 2 0 0 0 
Érd 13 2 0 0 
Erdőbénye 4 0 0 0 
Gesztely 3 0 0 0 
Gödöllő 4 0 0 0 
Gyula 3 0 0 0 
Hajdúböszörmény 17 2 2 0 
Hajdúdorog 9 0 0 0 
Hajdúszoboszló 1 0 0 0 
Herceghalom 1 0 0 0 
Hernádkak 6 0 0 0 
Hernádkak-Belegrád 9 7 1 6 
Hernádnémeti 2 0 0 0 
Hódmezővásárhely 4 0 0 0 
Ikrény 1 0 0 0 
Iváncsa 1 1 0 0 
Kazincbarcika 2 0 0 0 
Kistarcsa 1 0 0 0 
Komárom 1 0 0 0 
Kőröshegy 3 0 0 0 
Mezőberény 2 0 0 0 
Miskolc 8 3 0 1 
Nyíregyháza 6 0 0 0 
Óhíd 15 13 0 0 
Okány 1 0 0 0 
Orosháza 3 0 0 0 
Sárospatak 6 0 0 0 
Sátoraljaújhely 4 0 0 0 
Sümeg 7 6 0 3 
Sümegcsehi 2 2 0 0 
Szeged 10 0 0 0 
Szentendre 3 0 0 0 
Szentimrefalva 8 6 0 2 
Tolcsva 2 0 0 0 
Tura 1 0 0 0 
Ukk 4 4 0 1 
Vác 7 0 0 0 
Vámosszabadi 1 0 0 0 
Vésztő 4 1 0 0 
Vilmány 3 0 0 0 
Zalaegerszeg 10 0 0 0 
Zalagyömörő 2 2 0 0 
Zalaszegvár 1 1 0 0 
Zalaszentiván 4 0 0 0 
Zalaszentlőrinc 2 0 0 0 
Zamárdi 4 0 0 0 
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After 5 min of centrifugation of the liquid at 600 rpm, the morphological identi-
fication of larvae found in the sediment was carried out based on the published 
descriptions (Traversa and Di Cesare, 2016). The body length and the morpholo-
gy of head and tail end were considered (Table 2). The identification of O. 
rostratus L1 was confirmed with PCR by Alessio Giannelli in Bari, Italy (per-
sonal information). The number of larvae per one gram of faeces (LPG) was de-
termined. 
 
Fig. 1. Negative sampling sites (grey dots), sites of Aelurostrongylus abstrusus (red dots) and cats 
dually infected with Ae. abstrusus and Oslerus rostratus (red triangles) 
Statistical evaluation 
The independence of infection from age group, sex, and keeping mode 
was analysed by Fisher’s exact test. We used propensity score-based pairing to 
form sample pairs (Dinya and Solymosi, 2016). A limit value of P < 0.05 was 
used to evaluate the results. All analyses were performed in R environment (R 
Core Team, 2019). 
 
Results 
No E. aerophilus eggs occurred in the samples.  
There were Ae. abstrusus L1 in the faeces of 60 cats (19.8%; 95% CI: 15.71– 
24.65) living in 17 settlements and one kept in Budapest (Table 1 and Fig. 1). The 
LPG values showed significant differences, with an average number of 190.2 ± 
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304.9. Oslerus rostratus L1 were also found in the faecal samples of three cats 
infected with Ae. abstrusus. All infected cats belonged to the European short-
haired breed, most of them (47/60, 78.33%; 95% CI: 66.38–86.87) lived out-
doors, and 11 (18.33%; 95% CI: 10.56–29.92) stayed both indoors and outdoors. 
Only two out of 74 animals kept indoors had lungworm larvae in their samples 
(2.7% 95% CI: 0.74–9.33). Significantly more animals which lived outdoors or 
both indoors and outdoors were infected than those kept exclusively indoors 
(OR: 12.15, 95% CI: 3.07–105.49, P < 0.001). The average age of the infected 
cats was 2.51 ± 1.26 years, the youngest and the oldest was 8 months and 6 years 
old, respectively. There was no significant difference (P = 0.5916) between the 
infection rate of cats younger than one year of age and 1- to 5-year-old cats. The 
animals under one year and between 1 and 5 years old had a higher risk of lung-
worm infection than cats older than 5 years (OR: 7.85, 95% CI: 1.93–69.17, P < 
0.001 and OR: 6.16, 95% CI: 1.24–60.20, P = 0.0157). The proportion of infect-
ed males (34/178, 19.1%, 95% CI: 14.0–25.5) and females (26/125, 20.8%, 95% 
CI: 14.61–28.73) did not differ significantly. A significantly higher proportion of 
non-neutered cats were infected with lungworms (OR: 2.98, 95%CI: 1.49–6.32, 
P < 0.001). When propensity score-based matching was applied, in order to have 
a balanced population (n = 120) for free range and neutering, the effect of young 
age remained (OR: 3.83, 95% CI: 1.09–17.22, P = 0.034). Nearly one-third of the 
infected animals (19/60, 31.67%, 95% CI: 21.31–44.23) showed respiratory signs 
(e.g. frequent sneezing, running nose) but their number did not differ significant-
ly (P > 0.05) from those of infected cats not showing clinical signs. 
 
 
Discussion 
The results of this study are in line with previous findings showing that 
Ae. abstrusus infection of domestic cats is fairly prevalent in Hungary (Kávai, 
1977; Dobos-Kovács, 1981; Takács and Takács, 2002; Capári et al., 2013). The 
occurrence of aelurostrongylosis in new regions can be considered a new finding. 
In this survey the prevalence of this parasitosis was 19.8%. In the previous 
pathological or faecal examinations a lower rate of infections was detected: Ae. 
abstrusus worms were found only in 2 out of 50 cats (4%) (Kávai, 1977) and in 
one out of 57 stray cats (1.7%) (Takács and Takács, 2002) at autopsy. In a para-
sitological survey of 235 domestic cats carried out in the western part of Hunga-
ry, the prevalence of aelurostrongylosis was 14.5% (Capári et al., 2013). In the 
present study, more than half of the infected animals (n = 35/60, 58.3%) lived in 
that region. Further studies could answer the question whether the endemic oc-
currence of this parasitosis in that region is related to environmental and weather 
conditions more favourable for the intermediate hosts, which are also assumed in 
other parasitic infections (Patz et al., 2000; Morgan et al., 2009). Lungworm in-
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fections of cats mostly caused by Ae. abstrusus have been found in several Euro-
pean countries where different prevalence values were reported, e.g. Italy: 8.1–
17.8% (Traversa et al., 2008; Di Cesare et al., 2015; Giannelli et al., 2015, 2017), 
Portugal: 6.25–17.4% (Payo-Puente et al., 2008; Waap et al., 2014; Giannelli et 
al., 2017), Spain: 1.7–5% (Miró et al., 2004; Giannelli et al., 2017); Denmark: 
8.86–13.6% (Olsen et al., 2015; Hansen et al., 2017). By examining more faecal 
samples collected during 2–3 consecutive days, it may have been possible to find 
a higher prevalence of lungworm infection than obtained in our study, as the in-
termittent discharge of larvae was observed in chronically infected cats (Ribeiro 
and Lima, 2001; Payo-Puente et al., 2008). Recent European studies have report-
ed that at least one of 10 cats is exposed to lungworm infections, the incidence of 
this parasitosis being more common on the continent than previously thought. In 
this context, it was noted that lungworm infection of cats is not regarded as a 
growing threat because there are no previous data to be used for comparison 
(Giannelli et al., 2017). The authors assumed that the lower occurrence of infect-
ed cats found in the western part of Europe can be explained by the more fre-
quent application of anthelmintic drugs. 
Table 2 
Morphometric features of first-stage larvae of Aelurostrongylus abstrusus,  
Troglostrongylus brevior, T. subcrenatus and Oslerus rostratus 
Species Length (μm) Head Tail 
Aelurostrongylus abstrusus 360–410 rounded, terminal  
oral opening 
kinked (S shaped),  
distinct knob-like or 
small finger-like  
projections 
Troglostrongylus brevior 300–360 pointed, subterminal 
oral opening 
gradually tapered  
to the extremity,  
deep dorsal and  
a shallower  
ventral incisure 
Troglostrongylus subcrenatus 270–300 pointed, subterminal 
oral opening 
gradually tapered  
to the extremity,  
deep dorsal and  
a shallower  
ventral incisure 
Oslerus rostratus 330–410 central oral opening, 
surrounded by a  
cuticular ring with  
dorsal and ventral  
prominences 
with a constriction  
anterior to the end  
and tip with  
a kinked appearance 
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This is a first record for Hungary that in the present study O. rostratus was 
also found in three cats (in the form of co-infection with Ae. abstrusus). The 30- 
to 40-mm-long adults of O. rostratus were mostly found in the bronchial submu-
cosa and peribronchial tissues of wild cats and lynx (Brianti et al., 2014a). Since 
the first description of this nematode species (Gerichter, 1949), it has also been 
found in domestic cats of some European countries, which may have been in-
fected accidentally (Juste et al., 1992; Millán and Casanova, 2009; Brianti et al., 
2014a; Varcasia et al., 2015; Giannelli et al., 2017). Further studies could reveal 
how three cats kept in two settlements in the eastern part of the country became 
infected. One of the possible reasons for the rare occurrence of O. rostratus in 
domestic cats is that the living space of wild cats is narrowing, and their number 
is constantly decreasing in the country (Biró et al., 2009). Except for two infect-
ed cats the third one lived outdoors or both indoors and outdoors. A similar result 
has been reported by others, suggesting that the living conditions have a decisive 
influence on the infection of animals, since the consumption of naturally infected 
intermediate or paratenic hosts are necessary for lungworm infections (Genchi et 
al., 2014; Giannelli et al., 2017). The two cats that were living indoors had prob-
ably become infected before they were switched to indoor keeping. 
The average age of infected cats (2.51 ± 1.26 years) indicates that lung-
worm infection is more common among younger cats. Examining the infection 
rate of 303 animals divided into three age groups, there was a significantly lower 
risk of infection among animals above 5 years of age due to the acquired immun-
ity (Pennisi et al., 2015). In other studies, there was no difference between the in-
fection rates of the different age groups (Genchi et al., 2014; Tamponi et al., 
2014). Some authors have reported that there is a higher risk of infection among 
young animals (Traversa et al., 2010; Barutzki and Schaper, 2013; Di Cesare et 
al., 2013). According to other authors, lungworms are more common among 
adult cats (Mircean et al., 2010; Knaus et al., 2014). We agree with those re-
searchers who say that cats can be infected with lungworms at any age if they 
can reach the infective intermediate or paratenic hosts in the environment (Beug-
net et al., 2014; Giannelli et al., 2015).  
No relationship was found between lungworm infection and the sex of an-
imals, as the parasitosis occurred in almost the same proportion in males and fe-
males, as opposed to other findings (Traversa et al., 2008; Tamponi et al., 2014). 
We agree with Traversa et al. (2008) and Genchi et al. (2014) who reported that 
the sex of cats did not affect their infection rate. Non-neutered cats had a signifi-
cantly higher proportion of lungworm infections, which is probably due to a de-
crease in their activity after the spaying operation. 
Two-thirds of the infected cats were free of clinical signs, and only 19 
showed respiratory signs. Italian researchers reported that more than 50% of an-
imals infected with Ae. abstrusus had clinical signs (Traversa et al., 2008; Gen-
chi et al., 2014; Di Cesare et al., 2015). The question arises whether or not there 
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is a correlation between LPG values and the occurrence of clinical signs. Contra-
dictory data have been reported so far. There were scientists who did not find 
that LPG values were significantly higher in cats with clinical signs (Traversa 
and Di Cesare, 2016). Others have reported that the development of clinical signs 
results from the massive egg production of worms and the lesions produced in 
the lungs mainly by L1. Therefore, higher levels of LPG are found in such indi-
viduals (Naylor et al., 1984; Gerdin et al., 2011; Genchi et al., 2014). 
The knowledge regarding lungworm infection of domestic cats living in 
Hungary has been expanded with the results of the current studies. However, the 
following questions have arisen, which need to be answered by further studies: 
What is the frequency of the parasitosis caused by O. rostratus in domestic cats? 
Do Troglostrongylus spp. occur in the country? What are the most common in-
termediate hosts of the nationwide distributed Ae. abstrusus? Can the geograph-
ical distribution of cat lungworms be influenced by the climate change in the 
country? 
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